Overview
With the advances in medicine and extended longevity, neurodegenerative diseases become more prevalent and present major unmet medical needs with suffering to the patients, their families, and society as a whole. The aim of the HWK Molecular Neurodegeneration Symposium was to bring together experts on the molecular basis of neurodegeneration, paving the path to the identification of new molecular targets for early diagnosis, prevention, and intervention. The venue presented an excellent site to promote formal and informal exchange of ideas that will lead to further collaborations and new findings. Neuroscience students from surrounding universities presented posters and took part in the discussions, opening new horizons to the next generation scientists and promoting research in Lower Saxony, Germany, and worldwide. A special lecture was devoted to industry connections, trying to translate basic findings to practical drug candidates. Topics 1. Molecular aspects in neurodegeneration 2. The cytoskeleton and associated proteins 3. Microtubules and brain disease 4. Glial cells and disease
Extended Meeting Report
Molecular aspects in neurodegeneration were addressed from several angles, one included looking at nerve growth factor (NGF) and showing that a failure in NGF precursor maturation in Down's syndrome brains and a likely enhanced proteolytic degradation of NGF, may compromise the trophic support of basal forebrain cholinergic neurons. Thus, pro-NGF and NGF degrading enzymes pave the path to novel therapeutic targets in chronic neurodegenerative condition leading to dementia (Iulita et al. 2014) .
On the other side of the spectrum, producing dimeric peptide-based inhibitors of postsynaptic density-95 (PSD-95) and showing that they can reduce ischemic brain damage in rodents that are ready for further clinical development were discussed. Additional approaches were discussed, such as modifying the pharmacokinetic profile by designing a series of fatty acid linked dimeric ligands in a manner that potently inhibits PSD-95 and thereby improves in vitro blood plasma stability. Subcutaneous administration in rats demonstrated stability and sustained release of these ligands. These findings facilitate new pharmacological uses of PSD-95 inhibitors and further exploration of PSD-95 as a drug target for acute nerve injury such as in stroke (Nissen et al. 2015) , in specialized stroke ambulance (http://www.sciencedaily.com/releases/ 2014/04/140422162305.htm). It was refreshing to hear an advocate for peptide-related drug development, who first screened thousands of small molecules and reverted to very potent newly designed peptides for further clinical development. In this respect and speaking of peptides, an interesting neuroprotective mechanism was suggested for ghrelin, a stomach secreted peptide that protects dopaminergic neuron upon activation by oxygen, or rather oxygenated water, a simple neuroprotective mechanism (Matsumoto et al. 2013) .
Tying chronic neurodegeneration with acute injury, tauoapthy and Wallerian degeneration were discussed, opening a new window to common and disparate mechanisms (Garland et al. 2012) .
Looking at sensory organs such as the eyes and the ears, with degeneration affecting a large proportion of the population, it became obvious that understanding basic mechanisms is of crucial importance. Here, a focus was on the guanylate cyclase-activating proteins (GCAPs) that when mutated can cause blindness. Understanding the precise biochemical/biophysical interactions of these molecules will no doubt lead to further developments for treatments for devastating blindness (Sulmann et al. 2015) .
At the center stage of the meeting was the cytoskeleton, spanning from basic aspects to disease and drug development. The cytoskeleton, with emphasis on microtubules, is essential for brain cell structure and function. The microtubules are composed of assembled tubulin backbone and decorated by microtubuleassociated proteins. Tubulin is the major brain protein and neurodegeneration is profoundly impacted by cytoskeletal breakdown. In Alzheimer's disease and related neurodegenerations, the microtubule associated protein tau (tubulin associated unit) forms pathological aggregates, termed neurofibrillary tangles. Microtubules and tau are major targets for drug development and there is currently no neuroprotective drug on the market that targets them. The conference assessed new findings at the basic aspects, also exploring further horizons, with world experts. Importantly, microtubule-associated proteins are deregulated in Alzheimer's disease and frontotemporal dementias affecting cognition, schizophrenia (mental illnesses), and Parkinson disease as well as frontotemporal dementias (motor dysfunctions); the conference was aimed at understanding similarities and differences between cytoskeletal degeneration in these versatile diseases toward better diagnosis and disease management. A major cellular mechanism that depends on intact, functioning microtubules is called autophagy, self-cleaning, a process by which the cell digests misfolded proteins to yield building blocks (starting materials) for properly folded proteins. The association between autophagy, microtubules, diagnosis, and drug development was elaborated (RichterLandsberg and Leyk 2013, Esteves et al. 2014 , Merenlender-Wagner et al. 2014 , Merenlender-Wagner et al. 2015 .
Historically, there has been broad agreement among basic scientists that microtubules are essential for the complex morphology of the neuron, the establishment and maintenance of distinct functional compartments of the neuron, and for the directional transport of cargoes within axons and dendrites. However, there has been resistance to the idea that microtubule abnormalities are at the heart of neurodegenerative disorders such as tauopathies, including Alzheimer's disease and related dementias, Parkinson's disease, and others. That attitude is now changing, as the community learns that so many of the proteins and pathways that go awry in such disorders are microtubule-based (Cappelletti et al. 2015) . Moreover, loss of microtubules or changes in the stability, severing or composition of microtubules is now recognized as a hallmark of axonal and dendritic degeneration. In the past, it has been argued that such changes are late effects in disease progression and hence not relevant to early diagnosis or treatment. Newer thinking is that the microtubule changes are ongoing long before the disease symptoms are apparent, but only become histologically dramatic in the late phases of disease. Preventing or even correcting microtubule abnormalities will not cure a neurodegenerative disorder, but it would likely help stave off the neural degeneration that degrades the quality of life for the patient.
There was robust discussion during the meeting about what exactly happens to the microtubules during neurodegeneration, which is at the heart of what should be done to treat the diseases. There was a discussion on how different diseases might affect microtubule stability, namely whether it is the more stable or labile microtubule fraction that is being primarily lost, and also discussion on the tubulin post-translational modifications that accompany microtubule stability and specialize different classes of microtubules to interact with different proteins. An interesting unexpected finding showed that microtubule-associated protein 6, tightly linked to schizophrenia, mediates neuronal connectivity through Semaphorin 3E-dependent signaling for axonal growth (Deloulme et al. 2015) , two unexpected partners, perhaps paving the path to further similar interactions.
There was a discussion on new methods for discerning the levels of free tubulin relative to microtubules in the axons of cultured neuronal cells (Igaev et al. 2014) , as well as discussion on how a straightforward drug approach could be used to quantify the levels of stable and labile microtubule mass.
Microtubule-severing proteins were discussed in light of diseases that might render microtubule abnormally sensitive to spastin (one of the microtubule-severing proteins), by abnormally increasing microtubule polyglutamylation (Magiera and Janke 2013) . It was also proposed that pathogenic mutations of spastin may not cause hereditary spastic paraplegia by diminishing microtubule severing but rather by changing microtubule dynamics via gain-of-function effects of the mutant protein (Solowska and Baas 2015) . Manipulating particular severing proteins was also suggested as a potential therapy for tauopathy and other diseases because knockdown of particular severing proteins can alter the levels of labile versus stable microtubule mass.
Finally, there was much discussion on activity-dependent neuroprotective protein (ADNP) (Bassan et al. 1999 , with mutations to ADNP causing autism associated with cognitive dysfunction (Helsmoortel et al. 2014 . ADNP, a chromatin remodeling factor that has the cytoplasmic role of interacting with a class of proteins called microtubule end-binding proteins that track the plus ends of microtubules (Oz et al. 2014 ). EBs recognize a nucleotide-dependent structural cap, while tracking the growing microtubule ends (Maurer et al. 2012 ).
An amino acid snippet of ADNP called NAP enhances the interaction of the full-length protein with microtubule end-binding proteins (Oz et al. 2014 ). Thus, NAP could serve as a powerful therapeutic alternative to microtubule-stabilizing drugs that may or may not fortify levels of labile microtubule mass when used at low concentrations.
In short, microtubules, major building blocks of the cytoskeleton, were discussed as targets for drug design in versatile neurodegenerative and neuropsychiatric diseases, and NAP is currently under clinical development.
A second focus of the meeting is glial cells and neurodegenerative diseases. While neurodegenerative disease focus on the degeneration of neurons, it is important to acknowledge that glial cells (the brain support cells, which constitute a larger part of the brain) play an important role in neuroprotection and neurodegeneration. As such, microglia display a dual role, while those cells may be linked to the potential clearance of aggregated proteins, such as the amyloid plaques, these cells are associated with neuroinflammation and support brain tumor growth (Szulzewsky et al. 2015) .
Oligodendrocytes were highlighted with connection to exosomes. As previously reviewed, information exchange executed by extracellular vesicles, including exosomes, is a newly described form of intercellular communication important in the development and physiology of neural systems. These vesicles can be released from cells, are packed with information including signaling proteins and both coding and regulatory RNAs, and can be taken up by target cells, thereby facilitating the transfer of multilevel information. Exosomes have a critical role in physiological processes, including nerve regeneration, axonal transport, synaptic function, and behavior. These vesicles also have a sinister role in the propagation of toxic amyloid proteins in neurodegenerative conditions, including prion diseases and Alzheimer's and Parkinson's diseases, in inducing neuroinflammation by exchange of information between the neurons and glia, as well as in aiding tumor progression in the brain by subversion of normal cells (Rajendran et al. 2014) . Oligodendrocyte-derived exosomes situated between the myelin sheath and the axon may affect axonal properties and axonal transport. Oligodendrocytes, the myelin forming cells of the CNS, are characterized by their numerous membranous extensions, which enwrap neuronal axons and form myelin sheaths. During differentiation, oligodendrocytes pass different morphological stages, downregulate the expression of the proteoglycan NG2, and acquire major myelin specific proteins, such as myelin basic proteins (MBP) and proteolipid protein. The meeting organizers, Christiane Richter-Landsberg and Illana Gozes, were the first to identify tubulin, the subunit of microtubules in myelin (Gozes and Richter-Landsberg 1978) . Figure 1 shows the microtubular network in an oligodendroglial cell, as performed in the Richter-Landsberg laboratory. It has later been show that MBP mRNA is transported in RNA granules along the microtubules to the periphery and translated locally. The microtubule-associated protein (MAP), tau, is present in oligodendrocytes and involved in the regulation and stabilization of the microtubule network. Tau knockdown impairs process outgrowth and leads to a decrease in MBP expression. Furthermore, MBP mRNA transport to distant cellular extensions is impaired and cells remain in the NG2 stage. In myelinating co-cultures with dorsal root ganglion neurons, oligodendrocyte precursor cell tau knockdown results NG2-positive cells. Thus, tau is important for MBP mRNA transport and is involved in process formation. The disturbance of the balance of tau leads to abnormalities in oligodendrocyte differentiation, neuron-glia contact formation and the early myelination process (Seiberlich et al. 2015) . The intricate neuro-glia interaction is dependent on intact molecular machineries including the cytoskeleton and the autophagy process and comparisons were made to further knowledge and translate into better disease management.
The meeting was timely, inspiring ideas to form consortia toward Horizon 2020 and putting excellent German science in close contact with European and world leaders toward better solutions for devastating, prevalent brain disease. Putting the cytoskeleton, and neuro-glia interactions at a center point, will allow for future better insights, as well as diagnostics and drug development. The meeting included scientists from Europe, Germany, France, Italy, the UK, Belgium, Spain and Denmark, the Middle East, Israel, Asia, Japan and North America, the USA, and Canada. The proportion between senior scientists and young investigators was balanced, with 15 exceptional posters and, out of which ∼50 % were chosen for oral presentations and 1 received an award, supported by the HWK.
While estimates of prevalence vary, few would dispute the multitude of patients and the urgent need to find ways to prevent, delay, and treat Alzheimer's disease, frontotemporal dementias, Parkinson's, and other motor disorders as well as mental diseases. Understanding the core of the diseases and focus on central regulatory elements within the nerve cell and its support cells is a road not so much travelled and this is our focus toward new horizons (see Table 1 for the complete meeting program). 
